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Synthesis
ZnO NWs were grown on two different substrates: R{11 ത 02} and M{101 ത 0} planes of sapphire (Roditi International). The vapor liquid solid growth of guided ZnO NWs was done in a two-zone furnace in a quartz tube. ZnO powder (99.999% Alfa Aesar) was mixed with graphite powder (99.99% Aldrich) in a 1:1 mass ratio and held at 1050 °C while the substrate was held downstream at 850 °C. The growth was done in a constant flow of 500 sccm N 2 (99.999% Gordon Gas) and a pressure of 400 mbar. Au catalyst was deposited either by photolithography and electron-beam deposition of 0.5-1 nm layer followed by dewetting at high temperature or by dispersing Au nanoparticles (NPs) (10 nm, 20 nm, 50 nm Aldrich).
SHG polarimetry setup
For excitation we have used an 80 MHz, 100 fs, tunable Ti-sapphire pulsed laser (Coherent Chameleon) set to wavelength of 950 nm. The laser passed through a cleanup filter (3RD850LP, Omega), a cleanup polarizer (GT10-B, Thorlabs), a half-wave plate (AHWP10M-980, Thorlabs) on a rotation stage (PRM1Z8, Thorlabs) and then sent to an inverted optical microscope (AxioVert 200, Zeiss). It was reflected to the sample using a dichroic mirror (DMSP805, Thorlabs) and focused using an objective lens (CFI Plan Fluor 20X, Zeiss). SHG was retro collected, filtered using band-pass filter (FF01-475/23-25, Semrock) and KG5 Schott color glass (FGS600, Thorlabs), passed through a polarizer (LPVISA100, Thorlabs) on a rotation stage and imaged onto a fiber-coupled singlephoton detector (id100-mmf50, id quantique). The electric signal was analyzed with a time-correlated single-photon counter TCSPC (HydraHarp 400, Picoquant). All the experiment was controlled and the results processed by Matlab software.
The incident polarization in the sample plane was characterized and show a variation of <1% in intensity between x and y (the axes on the sample plane). Although small, it was taken into account upon fit. SHG power dependence shows square dependence as expected (see figure S1a). The spectrum taken using 550 nm short-pass filter contains only SHG (see figure S1b). Dashed red line represent the 475/23 band pass filter used for measurements. 
SHG mapping of NWs
Extra polarimetric plots of nonpolar NWs
The polarimetric results presented in the main text are a typical behavior of the nonpolar
NWs. In fact, we didn't encounter any nonpolar NWs that did not show a change in their lobes ration when measuring few points along the NW. Figure S3 shows two more nonpolar NWs showing similar changes. 
Field distribution simulation
We have simulated the electrostatic fields inside and outside a NW cross section using Matlab PDE tool. The trapezoidal shape is typical for ZnO NWs that grows in the
Using the appropriate dielectric constants of ZnO and sapphire (at both the fundamental and SH frequency) we have simulated the electric field at every point in a cross-section of the NW (see figure S4 ). The field direction is mainly constant in the vast majority of the volume, so we neglect the contribution of outof-plane dipoles. Moreover, since the contributions for the out-of-plane dipoles are in two opposing directions they should cancel out for ܽ ≪ ߣ. On the other hand, one can see that the field inside the NW is reduced by a factor that varies across the cross-section of the NW, unlike the theoretical case of cylinder in vacuum, where the field inside is constant and the local field factor is ݂ሺ߱ሻ ൌ 2 ሺ1 ߝ ሺ߱ሻ ߝ ⁄ ሻ ⁄ . We have averaged the factor inside the area of the NW, omitting the edges to avoid edge effects. The resulting factor is significantly higher than that of a cylinder: ݂ ఠ ൌ 0.62 and ݂ ଶఠ ൌ 0.59 (0.42 and 0.38) for 950 nm and 475 nm light, respectively, for a trapezoidal (circular) ZnO cross section on a dielectric sapphire substrate (in vacuum). For comparison, the factor for half a circle for 950 nm is 0.61 and 0.58 for 475 nm. ( 
Polarimetric simulation including important corrections (input power, local fields and radiation pattern)
We have used 3 reference frames: lab, NW and crystal. The lab frame x-y-z is defined by the microscope's axes, such that the x-y is the sample plane and z in perpendicular to it.
The NW frame and the crystal frame are defined by 3 Euler angles each, relative to the lab frame of reference. In all rotations between frames of references we have used Euler rotation transformations in the z-y'-z'' convention. 1 Other simulation parameters used are the d matrix elements ratio ݀ ଵହ /݀ ଷଷ , the local field factors ݂ ఠ , ݂ ଶఠ (for the fundamental and the SHG fields), the NA of the objective lens, noise and global amplitudealtogether, 12 parameters.
The following steps are used for simulating the polarimetric measurement: The inducing fields, which are lying mainly in the sample plane x-y (due to the low NA), are first corrected for minor intensity differences between x and y polarization. Later, the fields are projected onto the NW frame and the local field factor is used to reduce them perpendicular to the long NW axis by the first local field factor ݂ ఠ . These reduced fields are later projected onto the crystal axes to generate the SHG dipole -ሺ2߱ሻ ൌ ߝ ሺଶሻ , ሺ߱ሻ , ሺ߱ሻ , or more explicitly, in the reduced representation form, where the indices u,v,w represent the crystalline axes: Once again, the induced SHG dipole is projected onto the NW frame to account for the second local field factor ݂ ଶఠ . The dipole is assumed to emit as a single dipole emitter.
The angles in which the dipole emits and are within the objective lens cone are calculated and split according to their polarization into the two analyzer polarizations: x and y. The simulation result gives the expected SHG signal for any input polarization angle at any analyzer polarizer angle, which is used for fitting experimental results.
Fitting procedure
Fitting is done by taking the experimental results and finding the most resembled simulation. This is done by allowing a minimal number of the simulation parameters to vary in order to form the best fit to the data, while some parameters are kept constant during the procedure. Below is a table of the parameters: We have used 2 interlaced Matlab methods to minimize the difference between the measured signal and the simulation: minimum search (multivariable unconstrained nonlinear optimization) to find a local minimum under given bounds and a genetic algorithm with similar bounds.
It is important that the optimization will consider simultaneously both of the signals that were measured in the analyzer-x and y polarizations to remove solution ambiguities. In some cases (in polar NWs for example), however, it happens that the x-polarized SHG is much larger than the y-polarized SHG. This gives a greater weighting to the stronger signal when calculating the quality of the fit. minimization between simulation and the data to
give more weight to fitting of the small lobes. Here, f is the fit and x is data.
TEM analysis
Longitudinal lamellas of polar and nonpolar NWs were cut using FIB ( Analysis of interplanar distances from FFT of large magnification HRTEM micrographs tried to reveal strain along a NW. In figure S5g ,h, the inter-planar distances (for nonpolar NWs the deformation along the growth is measured using an average of two M planescircled red in figure S5b and for polar NW it is measured using the C planes -circled red in figure S5e) are plotted as a function of position along the NW. It is clear that this analysis did not show a significant change in the interplanar distances along the growth direction within the error range. This, however, does not rule out the possible existence of strain, since the lamellar preparation process itself can relieve strain. This is another disadvantage of a destructive type of characterization method.
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